Introduction
The increasing power need of the world can be met by installing nuclear power generators. However, nuclear power generation comes with a price of undesired human exposure to ionizing radiations due to increase in the back ground radiation in the vicinity of these generators. This may be compounded during nuclear accidents and or leakage of radioactivity in the environment. The Chernobyl accident has not only exposed the biota including humans in its vicinity but also irradiated the far flung areas due to massive release of radioactivity during this catastrophe leading to several physiological and genetic effects [1] . Further exposure of flora and fauna during this disaster has led to the contamination of consumable products therefore covering large human population [2] . The recent accident at Fukushima nuclear power plant in 2011 had also led to similar effects in the form of physiological, genetic, developmental and fitness effect in non-human population [3] . The exposure to low level radiation has become common due medical diagnostic and therapeutic procedures, frequent space or air travel, cosmic radiation and use of certain electronic gadgets. Other sources of radiation exposure include radon in houses, contamination from weapon testing sites, and unexpected terrorist attacks [4] [5] [6] [7] .
Ionizing radiation consists of energetic particles and electromagnetic radiation, which can penetrate living tissues or cells and transfer energy to the biological materials. This interaction of ionizing radiation with cells results in the production of ionization, free radical generation, chemical bond breakage, and oxidative stress [8, 9] . These free radicals inturn react with important macromolecules including nucleic acids, membrane lipids, and proteins leading to their structural alteration [10] [11] [12] . This molecular alteration induced by ionizing radiation causes mutations, chromosomal aberrations and carcinogenesis or cell death [12, 13] . The Oxidative Stress (OS) is a state of imbalance between generation of ROS and the level of antioxidant defence system. Radiation induced free radicals subsequently impair the antioxidative defence mechanism of a cell, leading to an increased membrane lipid peroxidation, which results in damage to the membrane bound enzymes [14] . It is commonly accepted that under situations of oxidative stress, reactive oxygen species including superoxide, hydroxyl, and peroxyl radicals are generated. OS and free-radical-mediated processes have been implicated in the pathogenesis of a variety of diseases including
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The ability of ionizing radiations to produce free radicals leads to increased oxidative stress and negative alteration of the antioxidant status in the exposed organisms. The increased oxidative stress is responsible for the induction of various deleterious effects of ionizing radiation. The introduction of phytoceuticals may reduce the radiation-induced oxidative stress. Therefore present study was designed to study the effect of oral administration of 50 mg/ kg body weight of Jamun (Syzygium cumini) leaf extract on the antioxidant status in the liver of mouse exposed to 0,0.5, 1, 2, 3 or 4 Gy whole body γ-radiation. Irradiation of mice to different doses of γ-radiation caused a significant and dose dependent decline in the glutathione concentration, catalase and superoxide dismutase activities at 0.5 1, 2, 4, 8, 12 and 24 h post-irradiation. A maximum decline in glutathione concentration was observed at 1 h post-irradiation, whereas superoxide dismutase activity showed a highest decrease at 2 h post-irradiation. In contrast lipid peroxidation increased in a dose dependent manner at all post-irradiation times with a greatest rise at 2 h post-irradiation in the animals exposed to 4 Gy. Administration of mice with jamun extract before exposure to 0-4 Gy resulted in a significant elevation in the glutathione concentration and catalase and superoxide dismutase activities at all exposure doses, whereas lipid peroxidation reduced significantly when compared with the irradiated group that did not receive jamun extract at all postirradiation times. Our study demonstrates that treatment of mice with jamun extract elevated the antioxidant status and reduced the radiation-induced oxidative stress in mouse liver.
Ionizing radiations induce additional oxidative stress in the irradiated organisms and the indigenous antioxidants of cells may not be able to neutralize this additional burden alone. The supplementation of exogenous substance may be required to combat the additional oxidative stress in the irradiated system [7, [20] [21] [22] . The phytoceuticals may be of great use to combat the additional oxidative stress in the irradiated system or even otherwise. Jamun, Syzygium cumini Linn. Skeels (family Myrtaceae) is a medium sized to large tree. It has been reported to possess several medicinal properties in the folklore and Ayurvedic systems of medicine. The stem bark of jamun is astringent, anthelmintic, antibacterial, carminative, constipating, diuretic, digestive, febrifuge, refrigerant, stomachic and sweet. The fruits and seeds are used to treat diabetes, and splenopathy [23] . Jamun has been reported to be antioxidant, anti-inflammatory, antibacterial, anticancer, antidiabetic, antiviral, antifungal, antidiahorreal, antileishmanial, chemopreventive, hypoglycemic and gastro protective [24] [25] [26] [27] [28] [29] [30] [31] . The leaf extract of jamun has been found to scavenge different free radicals in vitro [32] . The studies from our laboratory has indicated that the leaves of the jamun have reduced the radiation-induced DNA damage in the cultured human peripheral blood lymphocytes as well as mouse splenocytes [32, 33] . Its leaf and seed extract have been reported to increase the survival of irradiated mice and it also protected against radiation-induced gastrointestinal injury [34] [35] [36] . The presence of different activities in jamun stimulated us to obtain an insight into the antioxidant status of jamun (Syzygium cumini, Skeels) leaf extract in the liver of mice whole body exposed to different doses of γ-radiation.
Materials and Methods

Animal care and Handling
The animal care and handling were carried out according to the guidelines issued by the World Health Organization, Geneva, Switzerland and the INSA (Indian National Science Academy, New Delhi, India). Usually ten to twelve weeks old male Swiss albino mice weighing 30 to 36 g were obtained from an inbred colony maintained under the controlled conditions of temperature (23 ± 2°C), humidity (50 ± 5%) and light (14 and 10 h of light and dark, respectively) in the institutional animal house. The animals were allowed free access to the sterile water and food. Usually, four animals were kept in a polypropylene cage containing sterile paddy husk (procured locally) as bedding throughout the experiment. The study was approved by the Institutional Animal Ethical Committee.
Chemicals
Analytical grade cumene hydroperoxide, thiobarbituric acid (TBA), ascorbic acid, glutathione (GSH), 5,5-dithio-bis (2-nitrobenzoic acid) (DTNB), diethylenetriamine pentaacetic acid (DTPA), butylated hydroxytolune, 1-chloro-2,4-dinitrobenzene, 2,4-dinitrophenyl hydrazine, guanidine hydrochloride, ferric chloride, ferrous sulphate and tetraethoxypropane were procured from Sigma Chemicals Co, St. Louis, MO, USA. The routine chemicals were supplied by Merck India, Mumbai.
Preparation of the Extract
The fresh mature leaves of jamun (Syzygium cumini Linn. Skeels or Eugenia cumini Linn. Druce), family Myrtaceae were collected locally during the month of May. The tree was identified by Dr. G.K. Bhat (Department of Botany, Poorna Prajna College, Udupi, Karnataka, India) a well-known taxonomist of the region. The leaves were cleaned, dried in shade, and powdered in a mixer grinder and extracted as described earlier [37] . Briefly, the leaf powder was extracted in petroleum ether and chloroform and finally in 1:1 dichloromethane and methanol at 50-60°C using a Soxhlet apparatus. The extract was cooled and concentrated by evaporating its liquid contents in vacuo and freeze dried. The extract was stored at -70°C until further use. Henceforth the extract of Syzygium cumini will be called as SCE.
Preparation of drug and mode of Administration
The required amount of SCE was dissolved in 1% carboxymethyl cellulose (CMC) in sterile double distilled water immediately before use. The animals were administered orally with SCE or CMC, consecutively for 5 days.
Experimental
The effect of leaf extract of jamun was studied in the liver of irradiated mice dividing them into the following groups:-
CMC + irradiation
The animals of this group were administered with 0.01 ml/g body weight of CMC orally before irradiation to 0, 0.5, 1, 2, 3 or 4 Gy.
SCE + irradiation
The animals of this group were administered with 50 mg/ kg body weight SCE orally once daily for 5 consecutive days before exposure to 0, 0.5, 1, 2, 3 or 4 Gy of γ-radiation [32] .
Preparation of liver Homogenate
The animals from each group were euthanized at 0.5, 1, 2, 4, 8, 12 and 24 h post-irradiation and their livers were perfused transcardially with ice cold phosphate buffered saline. The whole liver from each animal was removed, blot dried, weighed and a 10% homogenate was prepared in ice-cold 0.2 M sodium phosphate buffer Ph 8.0 using a homogenizer (Yamato LSG LH-21, Tokyo, Japan). Four animals were used for each irradiation dose at each time interval in all concurrent groups and a total of 336 animals were used for the entire study.
Total proteins
The protein contents were determined using the modified method of Lowry.
Glutathione
Glutathione (GSH) contents were measured as described by Moron et al. [38] . Briefly, proteins were precipitated by 25% TCA, centrifuged and the supernatant was collected. The supernatant was mixed with 0.2 M sodium phosphate buffer (pH 8.0) and 0.06 mM DTNB followed by incubation for 10 min at room temperature. The absorbance of the sample/s was read against the blank at 412 nm in an ultraviolet-visible light (UV-VIS) double beam spectrophotometer (UV-260; Shimadzu Corporation, Tokyo, Japan) and the GSH concentration was calculated from the standard curve, and it has been expressed as µmol/g tissue.
Catalase
Catalase activity was determined by catalytic reduction of hydrogen peroxide [39] . Briefly, hydrogen peroxide was added to the sample and the mixture was incubated at 37°C. Catalase activity was measured by recording the decrease in absorbance at 240 nm periodically after addition of sample in a UV-VIS spectrophotometer. The average difference in absorbance in 30 sec was calculated. A unit of catalase is defined as the amount of protein that results in a decrease in absorbance of 0.05 in 30 sec.
Superoxide dismutase
The SOD was estimated by the method of Fried [40] . Briefly, 900 µl buffer was mixed with 100 µl tissue homogenate (T), nitroblue tetrazolium (NBT), phenazine methosulphate and NADH. The control (C) consisted of all the reagents except the homogenate, whereas, the blank (B) consisted of buffer and the homogenate without any reagents. The absorbance of T, C and B was read at 560 nm using a UV-Visible spectrophotometer and the enzyme activity has been expressed in units (1 U = 50% inhibition of NBT reduction).
Lipid peroxidation
Lipid peroxidation (LOO) was measured according to the standard protocol [41] . Briefly, the samples were incubated with a mixture of trichloroacetic acid (15%), thiobarbituric acid (0.375%), and butylated hydroxytoluene (0.01%) in 0.25 N HCl at 95°C for 25 min. The reaction mixture was cooled to room temperature and centrifuged at 8,000 g. The supernatant was collected and the absorbance was recorded against the blank using a double beam UV-VIS spectrophotometer. The LOO was measured from a standard curve and has been expressed as MDA in nM per mg protein.
Analysis of data
The statistical significance among various groups was determined using ANOVA or student-'t' test wherever necessary. Graph Pad statistical package (Graph Pad software, San Digeo, USA) was used for data analysis. All the data are expressed as mean and standard error of the mean (SEM).
Results
The results are expressed as GSH concentration (µmol/g tissue), catalase activity (µmol/mg protein), superoxide activity (U/mg protein) and lipid peroxidation (nM/mg protein) ± SEM (standard error of the mean) in Table [ 
Glutathione
The reduced glutathione (GSH) concentration was determined in mouse liver at different post-irradiation times. The normal baseline GSH level in CMC (0 Gy) treated mice ranged between 4.18 ± 0.05 to 4.23 ± 0.06 µmol/ mg tissue. Administration of 50 mg/ kg SCE (0 Gy) orally for five consecutive days did not induce significant change in GSH concentration when compared to normal baseline concentration (4.2 ± 0.05 to 4.3 ± 0.05). Exposure of animals to different doses of γ-radiation resulted in a dose dependent decrease in the GSH concentration when compared with normal baseline GSH concentration of CMC+sham-irradiation ( Figure 1 ). The GSH concentration declined at 0.5 h post-irradiation with a maximum decline at 1 h post-irradiation after 4 Gy irradiation, where an almost 2 fold decline in GSH concentration was observed. Thereafter the GSH concentration showed a gradual rise until 24 h post-irradiation however, normal levels could not be attained ( Figure 2 ). The GSH concentration was significantly (p < 0.001) lower when compared to CMC+sham-irradiation (0 Gy). The comparison among different doses of radiation revealed that the GSH concentration was significantly reduced with increasing dose of radiation (p < 0.05; 0.01 or 0.001) depending on the irradiation dose and estimation time ( Table 1 ). The pattern of decline in GSH concentration after (Figure 1 ) except that the SCE administration arrested the radiation-induced decline in the GSH concentration significantly at all post-irradiation times after exposure to 0.5 to 4 Gy (Table 1) . However, baseline levels could not be restored even at 24 h post-irradiation except 0.5 Gy, where it was almost normal ( Table 1) .
Superoxide Dismutase
The MnSOD activity was measured in mouse liver at different post-irradiation times and the activity of mitochondrial SOD is expressed as units/ mg protein ± SEM (Figure 3 Figure 3 ). The earliest decline in the MnSOD activity was recorded at 0.5 h post-irradiation and a maximum decrease in the enzyme activity was observed at 2 h post-irradiation (2.02 ± 0.06) in the animals exposed to 4 Gy irradiation. The slow recovery in the SOD activity was evident from 4 h post-irradiation and SOD activity continued to rise up to 24 h post-irradiation without restoration to shamirradiation level (Figure 4) . The comparison among different doses of γ-radiation revealed that the SOD activity reduced significantly with increasing dose of radiation (p < 0.05; 0.01 or 0.001) depending on the radiation dose and estimation time ( Table 2 ). The pattern of decline in SOD activity after treatment with SCE in SCE+irradiation group was almost identical to that of CMC+irradiation group (Figure 3 ) except that SCE administration attenuated the radiation-induced decline in the SOD activity significantly (p < 0.05, 0.01 or 0.001) at all post-irradiation assay times in mouse liver exposed to 0.5 to 4 Gy ( Table 2) . Despite this increase, the basal levels of SOD activity could not be restored to normal even by 24 h post-irradiation (Table 2 ).
Catalase
The catalase activity was measured in mouse liver at different post-irradiation times and it has been expressed as µmol of H 2 O 2 reduced/min/mg protein ± SEM ( Figure 5 ). The basal catalase activity in CMC+sham-irradiated (0 Gy) mice ranged between 29.21 ± 0.25 to 29.22 ± 0.22 µmol/ mg protein. Administration of 50 mg/ kg SCE orally for five consecutive days did not induce significant alteration in the catalase activity when compared to basal activity (29.21 ± 0.25 to 29.22 ± 0.22). Exposure of mice to different doses of γ-radiation resulted in a dose dependent reduction in the catalase activity when compared with CMC + sham-irradiation ( Figure 5 ). The catalase activity started declining at 0.5 h post-irradiation and a maximum reduction in the catalase activity was observed at 2 h post-irradiation (15.21 ± 0.75) in the livers of mice exposed to 4 Gy ( Figure 6 ). Thereafter the catalase activity increased gradually until 24 h post-irradiation however, normal levels could not be restored even by 24 h post-irradiation ( Figure 6 ). The catalase activity was significantly (p < 0.001) lower when compared to CMC+sham-irradiation. The comparison among different doses of γ-radiation revealed that the catalase activity did reduce significantly with increasing dose of radiation (P < 0.05; 0.01 or 0.001) depending on the irradiation dose and estimation time ( Table 3 ). The pattern of decline in catalase activity after treatment with SCE in SCE+irradiation group was similar to that of CMC+irradiation group ( Figure 5 ), except that SCE administration reduced the radiation-induced decline in the catalase activity significantly (p < 0.05, 0.01 or 0.001) at all post-irradiation times after exposure to 0.5 to 4 Gy (Table 3) . However, the catalase activity could not be restored to basal level even at 24 h post-irradiation (Table 3) .
Lipid peroxidation
The CMC+sham-irradiation group showed a minimum lipid peroxidation (17.23 ± 1.25 nanomoles of MDA/ mg protein) which did not show any change with estimation time (Figure 7) . Administration of mice with 50 mg/kg SCE orally once daily for five consecutive days did not significantly alter the lipid peroxide levels when compared to control (0 Gy). Exposure of animals to different doses of γ-radiation caused a significant (p < 0.05, 0.01 or 0.001) rise in the lipid peroxidation when compared to CMC+sham-irradiation group (Figure 7 ). An earliest increase in lipid peroxides was recorded at 0.5 h post-irradiation and a maximum rise (67.35 ± 1.48) in the lipid peroxidation was detected at 2 h post-irradiation. Thereafter the level of lipid peroxides gradually declined until 24 h post-irradiation without restoration to normal levels ( Figure 8 ). The comparison among various doses of γ-radiation showed that the lipid peroxide levels were significantly higher with increasing dose of radiation and Table 4) . Administration of SCE before irradiation resulted in a significant reduction in the lipid peroxidation when compared to CMC+irradiation group at all the post-irradiation times. The pattern of increase in lipid peroxide level after treatment with SCE in SCE+irradiation group was similar to that of CMC+irradiation group (figure 7) except that the SCE administration inhibited the radiation-induced lipid peroxidation significantly (p < 0.05, 0.01 or 0.001) at all post-irradiation times after exposure to 0.5 to 4 Gy (Table 4) . Despite a significant decline, the level of lipid peroxide did not reach basal level even by 24 h post-irradiation.
Discussion
It a well-established fact that exposure to ionizing radiations results in a complex set of responses, whose onset, nature, and severity is a function of both radiation quality and total radiation dose received by the organism [42, 43] . Since the body contains more than 75% water, ionizing radiations principally interact with water molecules abundant in the cellular milieu and generate different types of free radicals [9, 44] . These radiation-induced free radicals are mainly responsible for the induction of oxidative stress in the body. The exposure to ionizing radiation negatively alters the oxidant status in different tissues of the body [45] . The increased oxidative stress by ionizing radiation has been implicated in the induction of cancer, cardiovascular, liver, lung and neurological disorders [44] [45] [46] [47] [48] [49] . The use of phytoceuticals may be able to reduce the risk of radiation-induced oxidative stress. Plants have been used by humans throughout their history in different cultures for health benefits and curing diseases and have been considered nontoxic. Even today, more than 80% of the world's population is dependent on plants for handling their health related problems [50] . The biologic origin of phytoceuticals make them more attractive for the investigation as antioxidants as their biologic origin makes them more biocompatible than the synthetic drugs [6] . Therefore, present study was undertaken to elucidate the effect of SCE on the radiation-induced alteration in the antioxidant status in mouse liver exposed to different doses of γ-radiation.
The radiation-induced damage in the living cells is a consequence of generation of oxygen-derived free radicals including superoxide anion and hydrogen peroxide owing to radiolysis of water [9, 44] . Once generated these reactive oxygen species react with various important biomolecules inflicting lesions in different types of cells [11] . These free radicals play an important role in the production of indirect biological damage induced by low LET ionizing radiations [51] . Organisms possess comprehensive and integrated endogenous enzymatic repair systems to cope up with ROS induced-damage. Glutathione (GSH), vitamin E and C, -carotene and uric acid are some of the important non-enzymatic antioxidants that are taken up with food or synthesized endogenously, whereas SOD (Cu , Zn, or Mn), catalase, and glutathione peroxidase (GSHpx) represent endogenous enzymatic antioxidants that will neutralize or mitigate effect of oxidative stress induced by physical or chemical agents [52] . Usually ROS responses after irradiation are diminished by a number of cellular defenses including GSH, GSHpx, catalase, SOD etc. [5, 7, 8, 19, 53] . The enzymes including superoxide dismutase (SODs) and glutathione peroxidase (GPx) help to neutralize the radiation-induced superoxide anion or hydrogen peroxide (H 2 O 2 ) and defend cells from radiation-induced oxidative stress.
Glutathione is one of the most prevalent intracellular thiols that exert its antioxidant action by scavenging hydroxyl radicals and singlet oxygen, and protect the cell against oxidative stress induced by them [54] . GSH offers protection against oxygenderived free radicals and cellular lethality following exposure to ionizing radiation [55] . The alleviation of GSH leads to formation of reactive oxygen species and oxidative stress that affect functional as well as structural integrity of cell and organelle membranes [56] . In the normal conditions, the cells are intact and healthy and GSH is restored by synthesis [54] however, availability of GSH after irradiation may decrease due to reduced GSH synthesis enhanced efflux or inefficient reduction of GSSG [57] . Moreover, GSH may be also utilized to neutralize the radiation-induced free radicals and in the formation of thiyl radicals that associate to produce GSSG [58] . This explains a dose dependent reduction in the GSH concentration after exposure to 0 to 4 Gy and its maximum depletion at 1 h post-irradiation in the present study. These results are consistent with earlier reports where irradiation has been found to reduce GSH concentration [5, 7, 20, 59] . A number of natural or synthetic radioprotectors can alter the balance of endogenous protective systems, such as glutathione and antioxidant enzyme systems after irradiation, and reduce the effect of radiation [5, 7, 20, 22] . Administration of jamun extract reduced the radiation-induced decline in the GSH concentration, which could be partially due to abatement of radiation-induced free radicals or upregulation of GSH synthesis. Likewise, ascorbic acid, naringin, Agele marmelos, Zingiber officinale, Phyllanthus amarus, Nigella sativa, curcumin, and hesperidin have been reported to increase the GSH concentration after irradiation [5, 7, 19, 20, 22, [60] [61] [62] .
The enzyme superoxide dismutase eliminates superoxide anion, which forms part of the H 2 O 2 in cells. Irradiation of mice resulted in a dose dependent reduction in the SOD activity that was below spontaneous level even after 24 h post-irradiation. Irradiation has been reported to decrease superoxide dismutase activity in vivo and in vitro earlier [5, 7, 19, 20, 22, 59, 63] . Treatment of mice with SCE caused a significant elevation in the liver SOD activity after irradiation that would have helped in the efficient neutralization of radiation-induced superoxide anion and thus reduced the radiation-induced oxidative stress. An identical effect has been observed earlier in mice treated with α-tocopherol, ascorbic acid, naringin, curcumin and hesperidin before γ-irradiation [5, 7, 19, 20, 22, 63] . Our observations are also supported by the reports that indicate that over expression of Mn-SOD protected cells from the damage induced by reactive oxygen species [64] .
Catalase is one of the important enzymes, which is involved in the conversion of highly reactive and toxic H 2 O 2 into nontoxic byproducts such as water and molecular oxygen. Irradiation of mice with different doses of gamma radiation resulted in a dose dependent decline in catalase activity in the mice liver. This decline may to due to the participation of catalase into the detoxification of H 2 O 2 generated after irradiation. Irradiation has been reported to reduce the activity of enzyme catalase in various tissues [5, 19, 22] . Administration of SCE caused a significant rise in the activity of catalase in the mouse liver and a maximum elevation was observed at 2 h post-irradiation. This increase in catalase by SCE may have helped to abate the radiation-induced generation of H 2 O 2 and thus protecting the mouse against the deleterious effect of radiation. Likewise, catalase has been reported to be elevated after treatment with various radioprotectors in the irradiated animals earlier [5, 19, 22, 59, 63] .
Lipid peroxidation is another important consequence of irradiation and is one of the measures to determine the cellular toxicity [65] . Earlier studies have indicated that the peroxidation of membrane lipids might be the main cause of membrane damage induced by radiation [66] , therefore studies on lipid peroxidation can provide valuable information about the damage caused by the ionizing radiations. The exposure of animals to different doses of γ-radiation increased lipid peroxidation in a dose dependent manner in mouse liver and this rise in lipid peroxidation may be due to the attack of radiation-induced free radicals on the fatty acid component of membrane lipids, that may lead to cell death [5, 7, 19, 22, 67, 68] . A similar increase in radiation-induced lipid peroxidation has been reported earlier [5, 7, 19, 22] . Administration of mice with SCE reduced the formation of lipid peroxides. Likewise, ascorbic acid, melatonin, and other botanicals including ginger, Agele marmelos, Nigella sativa, naringin, mangiferin, curcumin and hesperidin have also been reported to protect the mice against gamma radiation by elevating glutathione levels and reducing lipid peroxidation both in vivo and in vitro [5, 7, 19, 20, 22] . The flavonoids quercetin, myricetin, and kaempferol are known to activate glutathionesynthesizing enzyme [69] that would have helped to increase the GSH concentration in the present study and also reduce lipid peroxidation. The increase in GSH, catalase, and SOD by SCE may have neutralized the reactive oxygen species and thus protected against the radiation-induced lipid peroxidation after exposure to different doses of γ-radiation.
The exact mechanism by which the jamun extract has up regulated the antioxidant status is not known. However, it is speculated that pretreatment of mice with jamun extract may have up regulated the transcriptional activation of Nrf2 gene, that may have stimulated the activation of various genes related to GSH, SOD, catalase and increasing their synthesis and thus reduced the negative effect of radiation on the antioxidant status. Ionizing radiation has been reported to down regulate the Nrf2 gene earlier [70] .
The present study demonstrates that SCE pretreatment elevates the GSH, SOD and catalase in mouse liver, and this increase in antioxidants and reduced lipid peroxidation may be due to the transcriptional activation of Nrf2 gene in the irradiated mouse liver leading to its radio protective activity.
